Purpose The accuracy of intertrochanteric fracture classification is important; indeed, the patient outcomes are dependent on their classification. The aim of this study was to use the AO classification system to evaluate the variation in classification between X-ray and computed tomography (CT)/3D CT images. Then, differences in the length of surgery were evaluated based on two examinations. Methods Intertrochanteric fractures were reviewed and surgeons were interviewed. The rates of correct discrimination and misclassification (overestimates and underestimates) probabilities were determined. The impact of misclassification on length of surgery was also evaluated. Results In total, 370 patents and four surgeons were included in the study. All patients had X-ray images and 210 patients had CT/3D CT images. Of them, 214 and 156 patients were treated by intramedullary and extramedullary fixation systems, respectively. The mean length of surgery was 62.1±17.7 min. The overall rate of correct discrimination was 83.8 % and in the classification of A1, A2 and A3 were 80.0, 85.7 and 82.4 %, respectively. The rate of misclassification showed no significant difference between stable and unstable fractures (21.3 vs 13.1 %, P00.173). The overall rates of overestimates and underestimates were significantly different (5 vs 11.25 %, P00.041). Subtracting the rate of overestimates from underestimates had a positive correlation with prolonged surgery and showed a significant difference with intramedullary fixation (P<0.001). Conclusions Classification based on the AO system was good in terms of consistency. CT/3D CT examination was more reliable and more helpful for preoperative assessment, especially for performance of an intramedullary fixation.
Introduction
The number of intertrochanteric fractures has increased rapidly due to the aging population [1] . Surgical fixation has been demonstrated to result in better outcomes [2, 3] . The most commonly used surgical fixations are the intramedullary (IM) fixation system and the extramedullary (EM) fixation system [4] . Which is better-IM or EM-has long been debated [5] [6] [7] . IM has been used increasingly in recent years, but there is no substantial evidence to support its use [4] .
Also, the fracture classification system-as a toolshould provide the surgeon with a reasonably precise estimation of the likely outcome [8] . The type of classification can have a great effect on patient outcome [9] . If the preoperative classification is not correct, the usefulness of this prognostic formula is limited. Thus adequate preoperative evaluation of bone fragment conditions is important. Various systems have been used to classify intertrochanteric fractures. Of them, the AO classification system has been used widely in recent years; it was proposed by Muller and colleagues in the 1980s [10] .
With advances in radiography, traditional classification methods based on plain radiographs are now considered insufficient and are associated with marked variation according to the level of experience of the surgeon [11] [12] [13] [14] . Currently, computed tomography (CT) and threedimensional reconstruction CT techniques (3D CT) are used for preoperative assessment at our institute. However, few reported studies have addressed whether these advanced examinations are, in fact, more useful.
The aim of this study was to evaluate variation in the AO classification between X-ray and CT/3D CT examinations. Furthermore, the length of surgery with classification as a related factor was assessed to evaluate the effectiveness of CT/3D CT examinations.
Participants and methods
Intertrochanteric fracture patients were reviewed continuously from 1 July 2008 to 1 July 2010 at our institution. Inclusion criteria were an intertrochanteric fracture within two weeks, treated by open reduction with internal fixation. Exclusion criteria were conservative treatment, multiple fractures, treated by external fixation, a second operation and an operative procedure interrupted by complications. Length of surgery and the identity of the surgeon were obtained from medical records. Radiology images were obtained from the Radiology Department. The most frequently involved surgeons were invited to participate in the study. Patients not treated by the invited surgeons were then excluded. The AO classification system was used in this study.
Consistency test
Patients were divided into two groups. Group 1 contained patients who underwent both X-ray and CT/3D CT examinations before surgery. Group 2 contained the remaining patients who were operated on by the invited surgeons and underwent X-rays but not a CT/3D CT examination before surgery.
Surgeons were invited to classify the fracture types. An example of the flowsheet used is shown in Fig. 1 . First, X-ray and CT/3D CT images from group 1 were randomly shown unpaired and were classified by the surgeons independently. Classification B1 was based on X-ray examination while B2 was based on CT/3D CT. Statistical analyses were used to evaluate the consistency of the surgeons. The surgeons were also asked about procedure length. A surgeon would be excluded if the agreement value was less than 0.80 and their procedure length differed significantly from the others. Also, patient images were removed if the patient was treated by an excluded surgeon. The remaining patients in group 1 became group 3 and the remaining patients in group 2 became group 4.
Standard data of classification Next, the included surgeons first estimated the images of group 1 together, based on paired X-ray and CT/3D CT images. These data were called classification 'S' and we considered them to be the standard classification. Another data set consisted of estimates using the X-ray images of groups 1 and 4 together. These we called data set C based on group 1 and D based on group 4.
Impact of misclassification Data sets C and S were compared and the rates of correct discrimination and misclassification were determined. Misclassification was divided into overestimates and underestimates. The procedure length and the influence of misclassification in the same classification type between groups 3 and 4 were compared.
Statistical analysis Student's t test or the Wilcoxon ranksum test was performed on numerical data among groups. The chi-square test was used for categorical data. Data sets B1 and B2 were analysed using the κ coefficient of agreement to quantify agreement between observers. The κ coefficient value is in the range of −1 to +1; −1 indicates complete disagreement, 0 is the level of agreement expected by chance and +1 is complete agreement. The Landis and Koch guideline provided the basis for our interpretation of the reliability estimate (greater than 0.80 represents almost perfect agreement) [15] . The level of significance was set at P<0.05. All analyses were performed using the SPSS software (version 13.0, SPSS Inc., IBM, Chicago, IL, USA).
Results
In total, 424 patients were reviewed and 32 were excluded. Reasons for exclusion were: four had a fracture over two weeks earlier, six received conservative treatment, seven had multiple fractures, three were treated with an external fixation system, ten were second operations and two procedures were interrupted by intraoperative complications. Of the remaining patients, 370 patients were treated by four surgeons (103 by chief Dr. Tang, 90 by associate chief Dr. Zhang, 90 by associate chief Dr. Liang and 87 by associate chief Dr. Tao) and accounted for 94.4 % (370/392) of the cases.
There were 160 patients in group 1 and 210 in group 2. Of them, 214 and 156 patients were treated with the IM and EM systems, respectively. In group 1, 87 (54.4 %) and 73 (45.6 %) patients were treated with the IM and EM systems, respectively. In group 2, 125 (59.5 %) and 85 (40.5 %) patients were treated with the IM and EM systems, respectively. The overall length of surgery was 62.1±17.7 min (in group 1 and group 2, 60.4±17.1 min and 63.4±18.1 min, respectively). In group 1, the time was 62.3±20.2 min for IM and 57.7±10.7 min for EM (Wilcoxon test, z0−0.809, P00.418, >0.05). In group 2, the time was 67.5±20.9 min for IM and 57.2 ± 10.4 min for EM (Wilcoxon test, z0−3.279, P00.001). The procedure length did not differ significantly among the four surgeons in group 2, by either IM or EM (Wilcoxon test, each P>0.05; Table 1 ). In group 1, IM and EM showed a statistically significant difference (P00.024, 0.022 and 0.030, respectively). After multiple comparisons, only Dr. Tao showed a significant difference from Drs. Zhang and Liang (Wilcoxon test, each P<0.05).
The numbers of classifications in data sets B1 and B2 are shown in Fig. 2 Dr. Tao was excluded from the analysis due to the low agreement and a procedure length that differed significantly from the other surgeons. Thus, Drs. Tang, Zhang and Liang were included in subsequent analyses. The patients operated on by Dr. Tao were removed from groups 3 and 4. Thus, the numbers of patients in groups 3 and 4 were 124 and 159, respectively (Drs. Tang, Zhang and Liang performed 44, 40 and 40 surgeries in group 3, respectively, and 59, 50 and 50 in group 4, respectively). The numbers of patients treated with IM and EM were 67 and 57 in group 3 and 96 and 63 in group 4, respectively. The mean procedure lengths in Fig. 1 Flowsheet of this study 
290).
For the three included surgeons, the estimates and numbers of correct determinations based on X-ray images are shown in Table 2 . The rate of correct discrimination was 83.8 % (134/ 160) and in each classification were A1 80.0 % (28/35), A2 85.7 % (78/91) and A3 82.4 % (28/34). The rates of misclassification in each subgroup were A1.1 16.7 % (2/12), A1.2 The mean lengths of surgery for classifications A1, A2 and A3 were 51.2±12.7 min, 60.1±15.7 min and 73.0±15.4 min, respectively, in group 3 (Wilcoxon test, P<0.001) and 53.6± 18.5 min, 64.2±17.7 min and 72.5±16.5 min in group 4, respectively (Wilcoxon test, P<0.001). Differences in the mean length of surgery between groups 3 and 4 in the same subgroup were from less than one minute to almost six minutes ( Table 3 ). The differences between the groups were from 0.13 to 9.5 minutes in IM and from 0.32 to 2.5 minutes in EM. The differences between procedure length and subtracted rate of overestimates from underestimates are shown in Fig. 3 with a linear regression. The correlation between total and EM patients showed no significant difference (Pearson correlation00.347 and −0.073, P00.361 and 0.852). In IM patients, there was a positive correlation with a significant difference (Pearson correlation00.953, P<0.001).
Discussion
The work presented here demonstrates a different way of considering the causes of prolonged surgery. We proposed a standard classification and attempted to reveal misclassification probabilities. Then, differences in lengths of surgery according to the method of examination were compared.
After testing for consistency and differences in procedure time, three surgeons were able to classify and compare their procedure times. Inter-surgeon agreement was higher when based on CT/3D CT images (Table 1, Fig. 2 ), as reported previously [13] . The κ coefficient was slightly higher in this study. This difference might be due to two factors. Lack of experience was one possible factor because the participants were senior orthopaedic residents and skeletal radiologists [16] . The fact that bone fragment condition was revealed in more detail by CT plus 3D reconstruction may be another factor. Also, the previous study reported that the quality of the imaging, the modality used and the skill of the observer were important for classification [13] . The value of using CT/3D CT images for classification of fracture types has also been reported [17] .
Rates of correct discrimination of the classification and the misclassification probabilities were also revealed in this study (Table 2) . Overall, the rate of correct discrimination was 83.75 %, and misclassification probabilities in stable fractures were not significantly higher than for unstable fractures (21.3 vs 13.1 %, P00.284). The most common misclassifications were of types A1.3 and A2.1 (30.0 and 23.1 %, respectively). The rate of underestimates was significantly higher than that of overestimates (11.3 vs 5 %, P0 0.041). The most common underestimated classifications were subgroups A2.1, A3.1 and A1.1. We found that it took a MC Number of misclassifications much less time for the invited experienced surgeons to reach estimates using the X-ray images. Overall, procedure length was slightly increased if no preoperative CT/3D CT examination had been conducted ( Table 3) . The difference was almost ten minutes for IM operations without a CT/3D CT examination, but was not significant in EM operations. This may have been because the longer incision and more exposure in EM could reduce the impact of an inadequate preoperative assessment. Also, the extra duration of 3.06 minuutes in IM was due to the minimal incision and inadequate exposure, so that more time was needed for fluoroscopy to ensure that the fixation was in position. The higher the rate of overestimates subtracted from underestimates, the longer the procedure time (Fig. 3) . Particularly in the IM operation, this positive correlation was significant (P<0.001).
The limitations of this study were as follows: selection bias might have been caused by the small number of surgeons who participated and the retrospective design. Secondly, the impact on procedure length was limited by the personal skills and degree of reduction by the precision surgeons.
Our data suggest that classifications based on the AO system were consistent. Preoperative assessments based on CT/3D CT examinations were more reliable and helpful. Intertrochanteric fractures were likely to be more severe than indicated by the X-ray images. The CT/3D CT examination facilitated a reduction in procedure length, especially for performance of an IM fixation. 
